Objective: Ovarian cancer (OvCA) is a leading cause of cancer death for women. Depression and social isolation have been associated with a higher OvCA risk and poorer survival, but other forms of chronic psychosocial stress, including work-related characteristics, remain understudied. Methods: Women from three prospective cohorts (Nurses' Health Study: n = 31,754; Nurses' Health Study II: n = 74,260; Northern Sweden Health and Disease Study: n nested case-control study = 196) completed a job questionnaire, assessing demand and control at work, social support provided by coworkers and supervisor, and job security. Multivariate Cox and conditional logistic regression models estimated hazard ratios (Nurses' Health Study/Nurses' Health Study II) and odd ratios (Northern Sweden Health and Disease Study) of OvCA risk and mortality among cases. Random coefficient models were used for meta-analyses. Results: There were 396 OvCA cases and 186 deaths during follow-up. Overall, job strain, strain chronicity, social support, and job security were not significantly associated with OvCA risk (e.g., pooled relative risk [RR] high demand/low control = 1.06, confidence interval [CI] = 0.72-1.55) or mortality (e.g., pooled RR high demand/low control = 1.08, CI = 0.64-1.82). When considered individually, compared with low levels, only moderate levels of demand were associated with a reduced OvCA risk (pooled RR = 0.66, CI = 0.49-0.90). Social support provided by the coworker or the supervisor did not moderate the association of job strain with either OvCA risk or overall mortality. Conclusions: We did not observe clear associations between work characteristics and OvCA incidence or mortality, but further research with diverse populations is warranted.
INTRODUCTION O
varian cancer (OvCA) is the fifth leading cause of cancer death in the United States (1-3). Every year, there are approximately 11.9 new OvCA cases and 7.5 deaths per 100,000 American women (1) (2) (3) . The rates are similar for many European countries (e.g., 10.3 new cases and 8.2 deaths per 100,000 women ascertained in Sweden in 2012) (4) . A limited number of risk factors have been identified, including family history of breast cancer and OvCA, nulliparity, smoking, and obesity, in addition to protective factors such as oral contraceptive (OC) use and tubal ligation (1, 3) . However, strategies for detection of early-stage disease and treatment of advanced stages remain limited (1, 5) , and many known determinants are not alterable. Hence, identifying additional modifiable risk factors that may potentially affect OvCA development/progression is critically needed to reduce incidence and mortality.
Studies in experimental animal model and in patients with OvCA have suggested that biologic changes associated with chronic psychosocial stress and distress may influence carcinogenesis. For example, mice under chronic stress (via physical restraint or social isolation) had larger and more aggressive ovarian tumors compared with control animals, which seemed to act through the β 2 -adrenergic receptor (6) (7) (8) . This effect seems to be largely due to stress-related sympathetic nervous system activation of norepinephrine, which can directly influence tumor progression by affecting cellular adhesion, cell migration, invasion, and angiogenesis (9, 10) . Moreover, activation of stress signaling may influence OvCA via other mechanisms, such as reducing natural killer cell activity (10, 11) or suppressing wound healing (12) . Furthermore, patients with OvCA who were distressed or socially isolated had immune function dysregulation and worse survival (13) (14) (15) (16) , and a recent Nurses' Health Studies (NHS/ NHSII) report showed an increased OvCA risk among those with versus without depression (17) .
Nevertheless, little prospective research has considered the potential impact of chronic stressors on OvCA risk, including those that can emanate from the work environment. Given the changes in the workplace that occurred with industrialization, psychosocial work experiences have become increasingly studied as health determinants (18) . Both brief and lasting unfavorable working conditions, including elevated job demands, limited control, job insecurity, and poor social support from colleagues and supervisors, have been significantly related to sustained mental health problems (19, 20) , reflecting the potential chronic nature of work-related stress. Previous research on these stressors and physical health outcomes has most commonly tested these effects following Karasek and Theorell's theory of job strain. These studies usually characterize job strain according to levels of exposure to job-related demands and control (18, 21, 22) to test whether work-related stress, as defined by high strain, might increase risk of developing chronic diseases. Several meta-analyses of studies with large sample sizes and covering long follow-up periods showed consistent evidence that individuals who report high strain jobs (those that impose high demands but permit little control over workflow or other aspects of the job) as well as job insecurity, have greater cardiovascular risk (23) (24) (25) . In addition, studies have considered another job-related psychosocial factor, low social support at work, either as an independent determinant or in combination with job strain, and have found that it is associated with increased risk of heart disease (18, 26) .
Numerous studies have also considered job strain in relation to cancer-related outcomes. A meta-analysis of 12 European cohort studies observed that among studies that assessed job strain a onetime point, high strain was not associated with colorectal, lung, breast, or prostate cancer (27) . This is consistent with results from the NHS that reported no association of job strain with breast cancer incidence (28, 29) , although a Swedish cohort observed a 40% increased breast cancer risk in women with higher versus lower stress jobs (30) . These mixed findings on the relationship between work stress and incident breast cancer point to the possibility that cultural (American versus Swedish) or occupational (nurses only versus heterogeneous jobs) differences between these populations may lead to different effects of job strain, suggesting the importance of additional research using a varied cultural/occupational sample. Moreover, studies have reported that work-related stress, as measured for example by high demand and insecurity, is associated with greater odds of bladder and stomach cancer (31) , and higher risk of certain subtypes of esophageal cancers (32) . Although these studies have some limitations (e.g., use of retrospective stress assessment), they do suggest that workplace stressors may relate to certain cancers.
Despite suggestive findings from animal models and some human studies on potential toxic effects of chronic stress (e.g., distress, social isolation) in relation to OvCA, job strain has not been examined specifically in relation to OvCA risk or survival among cases. Therefore, we conducted a prospective study of work characteristics with risk of and survival after OvCA in the NHS/NHSII (work aspects assessed twice) and in a Swedish cohort, the Northern Sweden Health and Disease Study (NSHDS). To acknowledge the role of known contributors of OvCA risk and of potential confounders in the relation of work characteristics with physical health outcomes, we followed previous work (11, 17, 25) and considered various covariates in our statistical analyses.
METHODS

Participants
US Samples
The ongoing NHS cohort composed of 121,700 female nurses, enrolled in 1976 (ages = 30-55 years) (33) . Similarly, the NHSII began in 1989 among 116,430 younger female registered nurses (ages = 25-44 years) (34) . All women complete biannual questionnaires on demographic characteristics, life-style, medical history, and newly diagnosed medical conditions, with an overall response rate of more than 85% (35) . The present study includes initially cancer-free (except nonmelanoma skin cancer) women with at least one ovary who responded to at least one job strain questionnaire (NHS: n = 31,754; NHSII: n = 74,260). The study protocol was approved by the institutional review board of the Brigham and Women's Hospital.
Swedish Sample
A nested case-control study was conducted within the prospective NSHDS, which is composed of three population-based subcohorts, the Västerbotten Intervention Programme cohort, Monitoring Trends and Determinants in Cardiovascular Disease cohort, and the mammary screening cohort (36) . These subcohorts cover a range of occupational statuses. For instance, the broad socioeconomic distribution in the Västerbotten Intervention Programme cohort includes categories analogous to part-time jobs and manual work (i.e., unskilled laborers,~30%; skilled laborers,~17%; lower employees,~13%), to clerical, service, and blue collars jobs (i.e., in-between employees,~18%), to professional, administrative, support, and sales jobs (i.e., higher employees,~11%), and a category of unknown occupations (~12%) (37) . Its distribution of education levels is also diverse (i.e., did not complete upper secondary [high] school,~33%; completed upper secondary [high] school,~40%; more than upper secondary [high] school,~23%) (37) . No significant differences in socioeconomic groups and education levels were reported compared with nonparticipants (37) .
All NHSDS participants provided information on demographic characteristics, life-style, and medical history at baseline enrollment. Cases were identified through the Swedish Cancer Register and selected if they had prospectively participated in the NSHDS. Controls, without a cancer diagnosis (except basalioma) and with at least one ovary at the time the case was diagnosed, were matched on year of birth and date of completing the questionnaire (38) . Both OvCA cases and matched controls then retrospectively provided information on key OvCA risk factors, including contraceptive use and familial history of cancer. We included OvCA cases (n = 102) and controls (n = 94) who completed the job strain questionnaire at baseline. The study was approved by the human ethics committee of the Medical Faculty, Umea University, Sweden.
Measures
Work Characteristics
Karasek and Theorell's job content questionnaire (JCQ) (22) , queried twice in NHS (1992/1996) and NHSII (1993/1997), assesses psychological workload (demand) of a job and level of control available for managing the workload. The demand dimension is derived by summing five items evaluating excessive work, conflicting demand, insufficient time to work, fast pace, and working hard. The control dimension is derived on the basis of nine items evaluating skill discretion (e.g., learning new things, potential to develop new skills, work not being repetitious) and decision authority (e.g., freedom to make decisions, choice about how to perform work). Except for 1997 (NHSII), the participants also indicated the extent to which they received work-related social support from coworkers and supervisors. All answers ranged from (1) "strongly disagree" to (4) "strongly agree." Psychometric properties of the JCQ have been reported elsewhere (22, 39) . In our samples, internal consistency reliability coefficients at baseline are strong (NHS: α demand = 0.74; α control = 0.81; α coworkers = 0.82; α supervisor = 0.91; NHSII: α demand = 0.73; α control = 0.80; α coworkers = 0.82; α supervisor = 0.91).
We followed Karasek & Theorell's job demand and control model to characterize job strain exposure. Accordingly, demand and control levels were categorized as above or below the median of responses, creating a 2 Â 2 exposure matrix: "high strain" (high demand, low control; the most stressful), "active" (high demand, high control), "passive" (low demand, low control), and "low strain" (low demand, high control; the least stressful). We also considered the demand and control subscales separately, in tertiles (21, 40) . The Theorell Questionnaire (DCQ) (41), a Swedish modification of the JCQ, was completed by NSHDS participants at recruitment. This included four items representing the demand dimension (e.g., conflicting demand, insufficient time to work) and six items reflecting the control dimension (e.g., learning new things, having a job requiring skill, work not being repetitious, freedom to make decisions). Although derived from a similar theoretical framework, this scale had minor discrepancies in wording and numbers of questions than the JCQ (42) . Hence, following previous work, we generated comparable scale scores between the JCQ and DCQ (42) by the following: (1) matching response distributions of DCQ questions with equivalent JCQ questions, (2) using a weighting strategy to compensate for differing number of questions, and (3) transforming DCQ scores on a z-distribution to eliminate remaining important differences. Internal consistency reliability coefficients were modest (α demand = 0.70; α control = 0.39) in NSHDS.
Covariates
Available NHS/NHSII covariates included age (continuous), census tract income (a proxy for socioeconomic status, continuous), marital status (single/divorced/separated/widowed versus married/partnership), OC use duration (OC, continuous), parity (continuous), tubal ligation (no/yes), familial history of breast or OvCA (no/yes), menopausal status (premenopausal or unknown/postmenopausal), hormone therapy use duration (HT, continuous), body mass index (BMI, kg/m 2 , continuous), physical activity (MET-hour/week, continuous), caffeine consumption (gram/day, continuous), caloric intake (kilocalorie/day, continuous), alcohol consumption (gram/day, continuous), and smoking status (never/former/current). Covariates were self-reported at study baseline (NHS = 1992; NHSII = 1993) and generally updated at subsequent questionnaire cycles until the end of follow-up. Sensitivity analyses also adjusted for depression symptoms, measured three times in the NHS cohorts (NHS: 1992/1996/2000; NHSII: 1993/1997/2001) using the five-item Mental Health Index from the Medical Outcomes Study Short-Form 36 Health Status Survey (43) .
In NSHDS, selected covariates were the following: age (continuous), marital status (single/divorced/separated/widowed versus married/partnership), highest education level (a proxy for socioeconomic status; ≤ high school/some college or completed college or postgraduate), OC use duration (continuous), parity (continuous), tubal ligation (no/yes), family history of breast or OvCA (no/yes), menopausal status (premenopausal or unknown/postmenopausal), HT use (ever/never), BMI (kg/m 2 , continuous), physical activity (active/moderately active versus inactive/moderately inactive), alcohol consumption (gram/day, continuous), and smoking status (never/former/current). Reproductive variables were queried of cases and matched controls after case diagnosis; all other covariates were selfreported at baseline.
Ascertainment of Cases and Deaths
Among the NHS/NHSII, incident OvCA cases were defined as having a diagnosis after the return of the first completed questionnaire that assessed work characteristics and before 2012 or 2011, respectively. All women who reported having an OvCA diagnosis on biennial questionnaires were asked permission to review their pathology reports and medical records by a blinded gynecologic pathologist to confirm the diagnosis and assess tumor characteristics (e.g., stage, histology), with high concordance between reviews of pathology records and surgical pathology slides (44) . Deaths were reported by next of kin and postal authorities or identified through the National Death Index, leading to 98% mortality follow-up (45) . In the NSHDS study, incident cases were selected using the Swedish Cancer Registry (46) . Histopathologic diagnoses were reviewed by a specialist in gynecologic pathology at the Department of Medical Biosciences, Pathology, Umeå University, and deaths were identified by the Swedish Cause of Death Registry with more than 95% follow-up (47) . The distribution of histology for cases within the NHS and NSHDS cohorts is somewhat comparable with the distribution in their wider respective populations (e.g., serous cases: NHS = 53.7% vs US population = 45.9%, NSHDS = 34.7% versus Swedish population = 41.7%) (2, 48) . The mortality rate in the NHS cohorts is similar to US rates broadly (10 versus 8 deaths per 100,000 person-years); however, NSHDS rates cannot be compared with the general Swedish population given the case-control study research design (2,4).
Statistical Analyses
All analyses were conducted using SAS software, Version 9.4, with a twosided p value of .05. Descriptive analyses at baseline were assessed across the four job strain categories for each cohort separately.
OvCA Incidence
Cox proportional hazards regression models assessed the hazard ratios (HR) and 95% confidence intervals (CI) of incident OvCA among NHS/ NHSII, until end of follow-up (2012/2011), incident OvCA diagnosis, or bilateral oophorectomy, whichever came first. The association of timeupdated work characteristics, including job strain categories, as well as demand and control separately, with OvCA risk was examined in four sets of models to evaluate in more detail the role of various covariates. An initial model adjusted for age only; the next adjusted for demographics (age, marital status, income). We then added hormonal-related variables (OC use, parity, tubal ligation, family history of breast or OvCA, menopausal status, HT use) and a final model included behavior-related covariates (BMI, physical activity, smoking status, caffeine, calories, alcohol intake). As both cohorts yielded similar results, data were pooled for the final analyses.
Conditional logistic regression models were used to evaluate the odds ratios (ORs) and 95% CI of incident OvCA in the NSHDS case-control study. Four analogous model sets to those used among the NHS cohorts were investigated, although there were slight differences: (a) education level rather than income was used; (b) HT use and tubal ligation were not included given their low frequency (5%); and (c) caffeine and calories intake were not available in NSHDS. Because findings were robust across age-and demographic-adjusted models in the NHS/NHSII and NSHDS, only the last two models are presented (labeled herein models 1 and 2).
Meta-Analyses
Fully adjusted multivariable estimates and their associated standard error from the NHS/NHSII and NSHDS were pooled using random effects in meta-analyses, providing relative risks (RR). Specifically, the studies are weighted proportionately to the inverse of the sum of the study-specific variance plus the common between-studies variance, to consider the different research design used by NHS/NHSII versus NSHDS. The Cochrane Q statistic was used to assess the heterogeneity of the associations among the cohorts.
Secondary Analyses
Among the NHS cohorts, further analyses explored potential differences due to histology (serous versus nonserous tumors). In addition, the role of job security (yes/no) and strain chronicity (categories based on the two assessments: "stable low strain" (reference group) versus "mixed trajectories" versus "stable high strain") was examined in relation to OvCA risk and overall mortality. Lastly, coworkers and supervisor social support were considered separately as independent determinants (tertiled) or effect modifiers of the relationship between job strain and the outcomes in stratified analyses (high versus low/moderate support).
RESULTS
Baseline Characteristics
At the 1992 baseline, NHS women were 55.3 years old on average (standard deviation [SD] = 6.0 years; range, 45.5-72.3 years). Most were married (80.6%), postmenopausal (60.9%), and had previously used OCs (59.9%). NHSII women were younger at baseline in 1993 (mean [SD] age = 38.4 [4.7] years; range, 28.5-47.8 years), most were married (90.9%) and had ever used OCs (85.3%), but only 1.1% were postmenopausal. The NHSDS sample had a mean (M) (SD) age of 49.8(8.1) years (range, 29.9-60.8 years), included mostly married women (86.7%), with 40.8% being postmenopausal and 48.0% being ever OC users. Table 1 presents the distribution of key OvCA risk factors across job strain categories at baseline.
OvCA Risk
Within the NHS cohorts, 294 OvCA cases were documented for the 20-year follow-up period (median = 4.5 years between latest job strain assessment completed and OvCA diagnosis). Compared with nurses categorized as "low strain," those with "passive," but not "high strain" or "active", jobs had a significant 55% higher OvCA risk, after adjusting for sociodemographic, hormonal variables, and health behaviors ( Table 2 , models 1 and 2). When considering the demand and control subscales independently, control levels were not significantly associated with OvCA risk. However, nurses reporting moderate or high demand jobs had a significant 26% to 36% lower OvCA risk. Similar results were obtained when cohorts were investigated separately (see Table, Supplemental Digital Content 1, http://links.lww.com/PSYMED/A381).
In the NSHDS, there were 102 OvCA cases (median = 8.0 years between job strain assessment and OvCA diagnosis). No significant associations were observed for job strain categories (e.g., OR low strain fully adjusted = 0.36, CI = 0.04-3.40) nor for subscales separately.
In the meta-analysis, only moderate (versus low) level of demand was significantly associated with OvCA risk (RR = 0.66, CI = 0.49-0.90). No significant associations of job strain categories with OvCA risk were evident. All tests for heterogeneity across studies were nonsignificant (P > .05).
Overall Mortality
There were 138 deaths (94% due to OvCA) for follow-up among NHS/NHSII cases (median = 2.9 years between OvCA diagnosis and death). No association was observed between either job strain categories or the demand and control subscales and subsequent mortality (e.g., HR high demand fully adjusted = 1.31, CI = 0.86-2.00; see Tables, Supplemental Digital . Similarly, null associations were observed for work characteristics and mortality in NHSDS (N deaths = 48, 85% due to neoplasms of genital organs; median = 2.0 years between OvCA diagnosis and death) and in the meta-analysis. The Q statistic revealed no significant heterogeneity across studies (p > .05).
Secondary Analyses
Within the NHS/NHSII, we observed no associations of either job strain categories or demand and control subscales with OvCA risk by subtype (N serous cases = 158; N nonserous cases = 136; see Table, Supplemental Digital Content 3, http://links.lww.com/PSYMED/ A383) with one exception. Moderate and high levels of demand were unexpectedly associated with a significant 32% to 39% reduced serous OvCA risk. No clear associations of work characteristics were noted with mortality (N serous deaths = 87; N nonserous deaths = 51; see Table, Social support did not moderate the association of job strain categories with either OvCA risk or overall mortality (p interaction > .05, results not shown). Finally, considering depression as a potential confounder yielded similar parameter estimates in fully adjusted models for the relationship of job strain with OvCa incidence and overall mortality (e.g., OvCA risk: HR passive jobs = 1.54, 95% CI = 1.05-2.27), as did excluding women with high depression levels at baseline (e.g., OvCA risk: HR passive jobs = 1.61, 95% CI = 1.05-2.47; see Table, Supplemental Digital Content 6, http://links.lww.com/PSYMED/A386).
DISCUSSION
Because job strain may capture facets of psychosocial stress that affect health as demonstrated by consistent associations with cardiovascular disease risk and mortality among individuals mostly from the United States and Europe (23) (24) (25) and because OvCA seems susceptible to stress-related biological alterations, we c Low strain = low demand and high control; passive = low demand and low control; active = high demand and high control; high strain = high demand and low control.
Bold characters are statistically significant.
hypothesized stress-related work characteristics would be associated with increased risk of incident OvCa and mortality. In the current meta-analyses based on samples of American and Swedish women, moderate versus low level of demand was significantly related to a 34% reduced OvCA risk. We observed mostly null associations for OvCA outcomes with all other job stress exposures, with the exception of one unexpected finding of lower mortality risk associated with higher job insecurity. However, in the context of our other findings and given the relatively low power of this analysis (only 25 women reported job insecurity), we believe that these results are likely due to chance. Our findings are consistent with previous work considering job strain with cancer incidence, which has mostly observed null associations (27) (28) (29) . This apparent outcome specificity may be due to different stress-activated biologic mechanisms (24) . Accordingly, work-related stress has been linked to lower heart rate variability and higher hemoglobin A 1c , which are key pathways to cardiovascular outcomes, whereas results have been inconsistent for stress response hormones, including cortisol, testosterone, prolactin, and catecholamines (49, 50) . Upregulation of catecholamines, specifically norepinephrine and activation of β-adrenergic pathways (7) (8) (9) (10) , is a primary mechanism of the stress-OvCA linkage. Our findings may suggest that job strain does not activate the specific stress systems that alter OvCA risk. In that case, the null finding reported here may be a true null; this would be consistent with findings that other psychosocial stressors associated with higher catecholamine levels are related to OvCA risk. For example, depression, which has been associated with higher catecholamine levels (51, 52) , was also related to increased OvCA risk in NHS/NHSII (17) . Observational data on depression and lower social support also suggested relationships with biomarkers of worse OvCA prognosis or reduced survival (14, 16) . Another explanation for null associations detected within our populations is that job strain was assessed before OvCA diagnosis, but because many women may stop working after diagnosis, job strain effects are no longer in play.
Findings may also reflect methodological artifacts. First, various exposures can be generated from the JCQ items (21, 40) . The high strain job category (high demand, low control), conventionally considered as the most stressful level, has generally not been associated with cancer endpoints. However, misclassification might have occurred; national means collected in US female workers were comparable with ours among US nurses for the control subscale but were considerably higher for demand (demand study = 12, control study = 27 versus demand national = 31, control national = 30) (40). Hence, because our "high strain" group appears less distressed than do other populations, associations may be harder to detect. Other characteristics including work-life balance (53) and working hours (54) may provide additional insight into relationships between work conditions and OvCA outcomes.
Second, given our use of three occupational samples, null findings may be due to a "healthy worker effect" (55) , whereby unhealthy women would not engage in/maintain a profession over time. Given the age at which women were first asked about work-related stress, women remaining in high demand jobs may cope more easily with the workload. However, there were no differences between the older and younger NHS cohorts on job strain-OvCA relationship, suggesting that early versus late stage career does not have a strong impact, at least among nurses. Future research might consider work-related stress earlier in the career and with varied occupations.
Moreover, nurses, who are overrepresented in this study, may be more emotionally resilient compared with other working women (56) . This positive capacity to cope with stress was not assessed in NHS/NHSII but could buffer strain stemming from highly demanding work conditions and, consequently, effects on physical health. Furthermore, nurses have reported appreciating an occupation that fosters autonomy, empowerment, and decision-making opportunities (57) , potentially explaining the decreased OvCA risk noted for moderate to high versus low levels of demand within this population. Similarly, an inactive job with a low level of workload and autonomy may cause distress among nurses, possibly explaining the 55% increased OvCA risk among the passive versus the low-strain category in the NHS/NHSII. Finally, nurses may exhibit greater conscientiousness (e.g., show self-discipline) particularly with regard to health factors than other working women (56) , which could increase adherence to a healthy life-style and regular medical screenings. Together, these traits might explain why work characteristics were not clearly associated with cancer end points in these NHS/NHSII women and even with CVD outcomes in those cohorts (58) . As for the NSHDS null results, if the job strain effects exist and are indeed small, they would be difficult to detect with this smaller sample size.
The strengths of our study included the use of a longitudinal design and multiple cohorts. Updated exposure assessments in NHS/NHSII women with prospective follow-up for 20 years minimized potential reverse causation and recall biases. Moreover, including a European sample permitted assessment across populations and job types. We also considered several potential confounders, including known OvCA determinants and behavioral correlates of stress.
Together, the current findings do not support stress-related work characteristics as an important determinant of OvCA risk or mortality among cases. Given preliminary data supporting the role of distress and social isolation on immune function and biomarkers, which consequently affect tumor progression, further research could consider other ways of characterizing the work environment (e.g., work-life balance) and explore additional psychosocial risk factors with OvCA etiology. Identifying modifiable determinants is still needed to allow more targeted and efficient prevention strategies for this deadly disease. 
